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ABSTPACT 


PURPOSE. 

To  attempt  to  increase  the  reprocessing  cycle  of  installed 
engines  in  vehicles  stored  outdoors  frcm  the  presently  used  one 
year  to  a  ninimum  of  three  years.  Despite  inprovements  in  ap¬ 
plication  techniques,  corrosion  still  occurs  primarily  in  the 
cylinder  area  in  less  than  one  year.  By  the  use  of  newly  dev¬ 
eloped  cr  improved  presently  used  preservative  laaterials  it  is 
possible  that  maintenance  in  storage  reprocessing  operations 
can  be  greatly  reduced. 

RESULTS 

VCI  oil  used  in  the  test  proved  far  superior  to  the 
presently  used  HIL-L-21260  oil  after  a  ninimun  of  three  years 
outdoor  storage  under  actual  conditions.  Of  24  cylinders  (2 
test  engines)  using  the  VCI  oil  17  were  corrosion  free  after 
three  years.  The  other  7  cylinders  developed  spotty  and  not 
too  severe  corrosion  during  the  third  year  of  storage. 

MIL-L-21260  oil  displayed  sufficient  corrosion  on  12  of 
24  cylinders  to  question  satisfactory  operation  of  the  engine 
after  reassembly  without  considerable  rewor);  and/or  salvage. 

Half  of  the  cylinders  showed  corrosion  in  the  first  year. 

CONCLUSIONS 

There  was  no  apparent  attack  from  the  VCI  oil  or  VCI 
crystals  on  non-ferrous  cr  non-metallic  components  of  the  engine 
The  two  greatest  causes  of  corroded  cylinders  of  engines  are; 

a,  T'  mperature  conditions  that  produce  alternate  conden¬ 
sation  and  evaporation  of  moisture, 

b.  Combustion  products  producing  an  acidic  environment. 
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SU^yAHY  a:ip  coiiclusioms 

1.  Very  little  difference  in  perfornance  before  end  after  cor¬ 
rosion  was  noted.  After  at  least  three  years  of  outdoor  storage  only 
one  of  8  test  engines  would  not  start*  This  failure  was  attributed 

to  iapropcr  timing  and  not  corrosion.  Minor  failures  on  other  engines 
were  not  caused  by  corrosion*  It  is  of  interest  to  note  that  a  penalty 
in  engine  perfcraance  caused  by  corrosion  is  not  too  significant,  cased 
on  a  90  minute  test  run  as  used  in  this  project.  Tor  any  future  projects 
of  this  type  at  least  a  SO  hour  test  run  is  recocmended.  Only  then 
vjill  corrosion  show  the  deficiencies  worth  being  concerned  about,  such 
as  lower  compression,  increased  ring  wear  and  higher  cil  consumption* 
Where  corrosion  is  severe  enough,  ring  breakage  could  occur*  Thercfcrc, 
it  is  definite  that  the  less  corrosion  prevalent  in  the  cylinder  area, 
the  better  for  all  concerned* 

2.  There  was  no  apparent  attack  from  the  VCI  oil  or  VCr  crystals 
on  non-ferrous  or  non-rctallic  components  of  the  engine. 

3.  VCI  oil  from  the  one  source  used  in  this  test  gives  muen 
tetter  protection  than  the  presently  used  MIL-L-21260  preservative  ’il. 

4.  The  two  greatest  causes  of  corroded  cylinders  of  engincsarel 

a.  Temperature  conditions  that  produce  alternate  condensation 
end  evaporation  of  moisture* 

b.  Contustion  products  producing  an  acidic  er.vironnent. 

See  Pages  35  through  33  for  further  conclusions. 
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REC0fy.EHDAT10aS 

As  a  result  of  the  most  satisfactory  performance  of  VCI  oil 
under  actual  field  conditions,  the  following  recommendations  are  made: 

a.  Set  up  a  fleet  test  of  vehicles  in  storage  with  an  equal, 
amount  of  engines  processed  with  VCI  cil  from  at  least  three  sources. 
Inter-service  participation  would  be  desirable.  Actual  performance 
under  realistic  field  conditions  could  be  evaluated  relative  to  im¬ 
portant  characteristics  of  each  VCI  oil  such  as: 

(1)  Vapor  pressure  -  Too  high  means  short  service  life 

of  the  vapors.  Too  low  will  produce  inadequate  distribution  of  the  vapors. 

(2)  Keutralization  of  acidic  conditions. 

(3)  Toxicity. 

(4)  Compatibility. 

(5)  Solubility. 

(6)  Water  displacement  and  stability. 

(7)  Quality  and  life  of  vapor  phase  and  contact  preservation. 

b.  Qualification  people  for  VCI  oil  specifications  resolve 
their  present  differences  of  opinion  and  come  up  with  one  coordinated 
document  in  which  all  interested  sources  agree. 

c.  VCI  cannot  be  considered  practical  as  an  operating  oil 
from  many  viewpoints,  however  the  possibility  of  adding  5  to  20%  of 
these  oils  to  the  presently  used  operating  oils  theoretically  offers 
good  potential  for  a  unique  way  of  preservation.  This  type  work 
could  be  included  in  the  fleet  test  reoormenoed. 
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BACKGROUND  A!iD  HISTORY; 

An  OTAC  staff  study  dated  21  June  1956  reveals  that  engines 
preserved  by  current  techniques  and  materials  show  corrosion  in  a 
relatively  short  time.  Areas  in  the  cylinder  above  piston  travel 
zone  were  of  particular  concern.  As  a  result  of  the  staff  study 
improvements  in  the  techniques  of  application  of  preservative  oils 
were  recognized  as  necessary  and  therefore  changes  in  the  speci¬ 
fication  were  made.  Despite  these  improvements,  corrosion  is  still 
possible  as  a  result  of  human  error,  shortage  of  personnel  and 
equipment,  infrequent  reprccessing  or  maintenance  in  storage,  in¬ 
adequate  materials  and  improper  use  of  existing  or  improved 
materials. 

PURPOSE  OF  TEST; 

This  project  will  attempt  to  determine  the  extent  of  possible 
improvements  attainable  by  the  use  of  new  and/or  existing  permanent 
type  protective  coatings  with  new  and/or  improved  preservative  oils 
so  that  inadequacy  due  to  any  of  the  above  reasons  are  either  en¬ 
tirely  eliminated  or  greatly  reduced. 

SCOPE  or  PROJECT; 


Sufficient  laboratory  testing  has  been  accomplished  to  indicate 
the  use  of  permanent  type  coatings  such  as  Eiectrofilm  4856  or  phos¬ 
phate  treatment  alone  on  the  interior  surfaces  of  the  cylinders  pro¬ 
vides  considerably  more  resistance  to  corrosion.  It  is  felt  that 
sufficient  work  is  already  in  process  on  gymnastication  and  dehumi¬ 
dified  storage.  Short  range  tests  such  as  those  that  are  conductcc 
with  laboratory  equipment  like  humidity  and  salt  spray  cabinets  c-r 
preservative  oils  applied  tc  panels  and  disassembled  engine  cylinter 
have  provided  guide  lines  for  more  extensive  testing.  In  these  shor 
range  tests,  the  advantages  of  much  quicker  results  are  recognized, 
however,  the  question  of  simulated  conditions  has  to  be  taken  into 
account.  The  question  always  arises,  would  the  same  results  be 
achieved  under  actual  co  'ditions  where  products  of  cembustion  are 
prevalent  as  the  cylinder  would  be  an  integral  part  of  the  engine 
with  the  sealed  chamber.  Also  exposure  tc  the  nature  elements  is 
far  different  than  laboratory  equipment  not  to  mention  the  varia¬ 
tions  that  can  occur  even  between  exposure  on  spare  engines  and 
those  installed  as  a  component  of  a  vehicle. 

Test  engines  No's  1,  2,  3  6  4  were  rebuilt  by  the  Experimental 
Division,  Detroit  Arsenal.  In  order  to  assure  corrosion  free 
engines,  cylinders,  pistons,  rings,  intake  valves  and  exhaust  valves 
were  either  reworked  or  replaced  as  deemed  necessary.  The  same  was 
accomplished  on  test  engines  No's  5,  6,  7  E  8  by  Anniston  Ordnance 
Depot.  All  eight  rebuilt  test  engines  were  then  installed  into 


vehicles  and  run  100  miles  on  the  dirt  test  track  at  Anniston 
Ordnance  Depot.  All  test  engines  were  then  processed  in  accordance 
with  the  materials  outlined  in  the  following  chart  applicable  to 
each  engine.  Application  techniques  as  outlined  in  MIL-STD-ES* 
were  carefully  adhered  to  with  the  exception  of  the  VCI  plugs 
which  are  not  covered  in  such  publication. 

Test  plans  call  for  a  horoscope  exanination  of  each  cylinder 
after  the  first  and  second  year  of  storage.  After  the  third  year 
of  storage  test  engines  will  be  recoved  from  the  vehicle,  completely 
disassembled  and  carefully  evaluated.  The  purpose  and  objective  of 
this  project  to  evaluate  various  combinations  of  preservative  oils, 
volatile  corrosion  inhibitor  oils,  volatile  corrosion  inhibitor 
plugs,  phosphate  and  electrofilm  finishes  will  be  fulfilled  with 
the  hope  that  maintenance  care  and  preservation  expenditures  can 
be  greatly  reduced  by  definite  reconmendations  of  the  best  preserva¬ 
tive  materials  or  combinations  thereof.  Completion  date  estimated 
to  be  October  1961. 

PHASE  II 

Phase  I  involved  8  test  engines  installed  into  8  combat  vehicles 
Actual  conditions  of  vehicle  operation,  processing  and  storage  were 
simulated  in  Phase  I,  however  considerable  expense  was  necessary 
for  such  method  of  evaluation.  Therefore  limited  funds  restricted 
the  evaluation  of  only  a  few  of  the  most  promising  preservative 
materials  under  such  test  conditions.  Other  services  have  con¬ 
ducted  field  tests  with  considerable  success  on  engines  exposed  to 
the  elements  in  wooden  boxes,  thereby  simulating  to  a  certain 
degree  protection  afforded  to  installed  engines  in  equipment  such 
as  aircraft  tanks,  trucks,  etc.  Therefore  Phase  II  was  implemented 
in  April  1959  to  include  several  more  newly  developed  or  improved 
currently  used  preservative  materials  utilizing  18  test  engines 
and  9  preservative  materials.  (2  engines  for  each  material).  Higher 
authority  did  not  approve  the  loan  of  18  vehicles  for  3  years,  the 
duration  of  the  test.  Therefore  engines  were  to  be  placed  under 
the  protection  of  reusable  exterior  wood  containers  after  rebuild, 

10  hour  run  on  a  dynamometer  and  processing.  Two  annual  partial 
tcardown  evaluations  have  teen  accomplished.  Third  and  final  com¬ 
plete  teardown  evaluation  will  be  completed  in  February  1963. 

PHASE  III 

Sufficient  information  and  data  Have  been  ascertained  from 
Phase  I  £  II  to  warrant  a  third  phase.  When  Phase  I  of  this  study 
started  in  1953  only  one  VCI  oil  was  available.  There  are  now  at 
least  three  with  improvements  in  contact  inhibitors,  vapor  space 
inhibitors  and  acid  neutralizers.  Only  recently  a  specification 
was  issued.  Also  in  the  last  four  years  improvements  have  been 
attained  in  processing  techniques.  Past  difficulties  in  engine 


preservation  were  due  in  part  tc  this  factor.  Therefore  it  is 
deemed  aavisable  to  evaluate  the  standard  preservative  oil  with 
improved  application  techniques  and  still  raintain  a  control 
material.  Plans  are  nov;  finalized  to  utilize  12  irore  boxed 
engines  using  the  sare  rebuild  operations  and  storage  conditions 
as  Phase  II.  Katerials  to  be  tested  will  include  at  least  four 
VCI  preservative  oilss  one  special  spark  plug  type  container  of 
VCl  crystals  and  one  standard  HIL-L-21260  oil  with  the  latest 
developed  application  techniques.  Plans  now  call  for  this  phase 
to  be  i.Tplenented  in  the  early  fall  of  1962.  Areas  of  considera* 
ticr.  for  future  work  include  diesel  engines,  nulti-fuel  engines 
and  tne  possibility  of  adding  varying  aatounts  of  VCI  oil  to  the 
standard  preservative  operational  oil. 


GENERAL  SPECIFICATIONS  OF  TEST  DJCIMES  HO's.  1,3, 5, 6,7  C  8 
12  Cylinder,  V  type.  Gasoline. ’  . 

Coolant  -  Air 
Cycle  -  i(  Stroke. 

Bore  -  S.7S  i«r- 
Strokc  -  5.75  in. 

Displacement  -  1791. 9<i  cn.in. 

Compression  Ratio  -  6.5:1 

Gross  h.p.  -  810  0  2800  RPM 

Hax.  Torque  -'1580  Ib.ft.  g  2200  RPM 

Valve  Arrangement  -  Overhead  Camshaft  -  2  valves  per  cylinder 

Max.  BMEP  -  132  psi  g  2200  RPM 

Max.  Engine  Air  Demand  -  1280  cfn  g  2800  RPM 

DIHEHSIOHS 

Length  -  73.92  in. 

Width  -  59.82  in.  ' 

Height  -  <10.65  in. 

Weight  (Dry)  -  2605  lbs. 

Oil  Capacity  -  18  gal. 

NOTES  -  Test  Engines  No’s  1,  3,  5  i  6  Fuel  Injection  Type. 

"  "  "768  Carburetor  Type. 

Cylinders  are  individually  replaceable  units,  arranged  in  2  banks 
numbered  1  to  6  on  the  right  and  1  to  6  cn  the  left  when  viewed  from 
the  accessory  end  or  front* 


GEKEEAL  SPECXFICATIOJIS  OF  TEST  niGIDES  riO»s  2  C  * 

6  Cylinder,  Horizontal,  Opposed,  SupercHargedf  Carbureted. 

Coolant  -  Air 

Cycle  -  U  Strolce 

Fuel  -  Gasoline  -  KIL-G-SOSB 

Bore  —  S.7S  In. 

Strolce  -  S.Tf.  in. 

Displacscient  -  89S.9  cu.in. 

Cocpression  Ratio  -  S.S:1 
Gross  h.p.  -  SOO  9  2800  RPH 
Hax.  Torque  -  9SS  lb. ft.  6  2200 

Valve  Arrangeaent  -  Overhead  cacshaft,  2  valves  per  cylinder 

Hax.  BHEP  -  161  psi  6  2900  RPH 

Max.  Engine  Air  Deciand  -  84S  cfo  @  2800  RPH 

DIHEI.SIOtlS 
Length  -  M7.43  in. 

Width  -  S1.S6  in. 

Height  -  3>i.81  in. 

Weight  (Dry)  -  1861  lbs. 

Oil  Capacity  -  11  gal. 

HOTES  -  Cylinders  are  individually  replaceable  units,  arranged  in 
two  banks,  nunbered  1,  3  C  S  on  the  right  and  2,  4  6  6  on  the 
left  when  viewed  frora  the  accessorv  end  or  front. 


PROCESSIN'G  PROCEDURES 


Test  engines  il  thru  E  were  processed  in  the  following  nianner 
before  going  into  storage. 

A  container  with  two  coapartments,  one  filled  with  oil.  Speci¬ 
fication  HIL-L-E4if,  the  other  with  fuel.  Specification  H1I.-G-5572 
shall  be  used.  Fuel  line  fron  the  container  shall  be  connected  to 
the  vehicle  fuel  line  at  an  accessible  point  which  is  cost  distant 
fron  the  engine.  For  injection  type  engine,  the  injector  fuel 
return  line  shall  be  disconnected  at  quick  disconnect  coupling  and 
the  fenale  quick  disconnect  coupling  on  the  line  fron  the  container 
shall  be  connected  to  the  rale  quick  disconnect  fitting.  For 
carburetor  type  engines,  the  fuel  intake  line  shall  be  disconnected 
fron  the  fuel  tank  side  of  engine  driven  fuel  pump  and  the  fecale 
quick  disconnect  coupling  on  the  line  fron  the  container  shall  be 
connected  to  the  male  quick  disconnect  fitting.  Container  regu¬ 
lator  valve  shall  be  turned  to  the  FUEL  position.  Engine  shall  be 
started  and  operated  at  a  oinicua  speed  for  one  minute,  then  ac¬ 
celerated  to  three-fourths  speed  without  load.  Container  regulator 
valve  shall  be  turned  to  OIL  position.  At  the  instant  engine  begins 
to  misfire,  the  ignition  or  magneto  switches  shall  be  turned  to  the 
OFF  position.  Fuel  line  of  the  container  shall  be  disconnected  and 
vehicle  fuel  line  reconnected.  Engine  shall  be  cooled  to  100°r  or 
below  measured  at  spark  plug  gasket  surfaces  of  all  cylinders. 

Spark  plugs  shall  be  removed  and  handled  carefully  to  avoid  damage 
to  electrodes  and  threads.  Two  ounces  of  preservative  oil,  as  in¬ 
dicated  on  each  engine  graph  sheet  were  atomized  sprayed  into  each 
cylinder  through  the  spark  plug  opening  while  engine  is  being 
cranked  with  starting  c»tor.  Two  additional  ounces  of  the  sane 
test  oils  were  then  atomized  sprayed  into  each  cylinder  without 
cranking.  Threaded  ends  of  spark  plugs  shall  be  reinstalled  and 
engine  not  to  be  cranked  anymore. 

Test  engines  f7  and  8  had  only  the  left  bank  of  cylinders 
atomized  sprayed  through  the  spark  plug  openings  with  the  designated 
test  oil.  Plastic  plug  containers  each  containing  4  grans  of  VCI 
crystals  (1  to  a  cylinder)  were  inserted  into  the  spark  plug  open¬ 
ing.  Dry  conpressed  air  was  then  applied  to  the  outer  end  of  the 
plug  so  as  to  force  the  VCI  crystals  into  the  combustion  area  of 
the  cylinder.  Plastic  plugs  were  then  removed  and  spark  plugs 
reinstalled. 

i.'OTE  -  Before  any  processing  as  noted  above  is  accomplished 
engine  crankcases  are  filled  to  operating  level  with  preservative 
oil  MIL-L-21260,  grade  determined  by  vehicle  and  operating  concitions. 


STAGES  or  COSBOSIOK 
FHOM 

MIL-STD-eaMCORD)  CC!;SAT  VEHICLES,  IHSPECTIOH, 
CARE  Al.D  PRESEP.VATIOll  DURUJG  STORAGE  OF 


Stages 

of 

Corrosion 

Identificati no 

Stage 

Description 

Stage  1 

Discoloration,  staining.  Ho  direct  visu¬ 
al  evidence  of  pitting,  etching  or  other 
surface  damage. 

Stage  2 

Loose  rust,  black  or  white  corrosion 
accenpanied  by  minor  etching  and  pitting 
of  surface  affected.  Ho  scale,  or  tight 
rust. 

Stage  3 

Rust,  black  or  white  corrosion  accoapanied 
singly  or  in  cenbination  with  etching, 
pitting  or  more  extensive  surface  damage. 
Loose  or  granular  condition. 

Stage  <* 

Rust,  black  or  white  corrosion  progressed 

to  the  point  where  fit,  wear  function  or 
life  of  the  iten  has  been  affected.  Pow¬ 
dered  or  scaly  condition,  with  pits  or 
irregular  areas  of  natenal  recoved  from 
surface  of  iten. 


VISIT  or  TASK  GROUP 


On  11  and  12  October  1961  the  service  wide  Task  Group  on 
Preservatives  and  Preservation  visited  Anniston  Ordnance  Depot* 
This  is  a  group  of  about  20  individuals •  scientists*  engineers* 
technicians  and  specialists  representing  the  Army*  Uavy*  Air 
Force*  Karine  Coz^  and  Department  of  Defense  prioarily  inter* 
ested  in  all  the  technical  aspects  of  preservation*  Quarterly 
meetings  are  held  usually  at  sox&e  installation  where  sose 
prograa  or  activity  is  of  sufficient  interest  to  all*  This- 
project  had  been  a  topic  of  discussion  at  their  previous  nieetings 

The  Ordnance  Corps  was  honored  by  the  group’s  decision  to 
hold  their  1961  fall  zaeeting  at  the  Anniston  Ordnance  Depot  to 
view  fi^'st  hand  this  Ordnance  Tank-Automotive  Comand  Engine 
Corrosion  Study*  They  held  their  regular  business  meeting  the 
first  day  11  October  1961*  The  second  day  12  October  1961  the 
entire  group  plus  four  core  service  representatives  partici¬ 
pated  in  the  third  annual  evaluation  of  the  partially  dis- 
assecbled  8  test  engines*  Forral  and  infcrsial  discussions 
were  held  before,  during  and  after  the  actual  inspection  of 
the  engines  and  various  conponents*  Comments,  suggestions  and 
constructive  criticiso  offered  by  various  members  ox  tho  2*cup 
were  most  helpful  especially  for  future  concepts.  The  Task 
Group  is  under  the  capable  chairc^anship  of  David  Bootzin, 
ORD3C-932C-DB,  Rock  Island  Arsenal  Laboratories  while  the 
duties  of  Secretary  are  most  efficiently  handled  by  Gerald 
Reinsnith,  0PJ)0W-TB,  Ordnance  Weapons  Command .  Rock  Island, 
Illinois*  Everyone  agreed  that  Anniston  Ordnance  Depot  was 
the  perfect  host  for  the  two  day  conference* 


CODE  FOR  ABBREVIATIOIIS  USED  FCR  DIAGRAM 
SHEETS  or  ENGINES  AMD  CTLIIIDERS  WHERE  LACK 
OF  SPACE  UECESSITAIES  SUCH 


Stage  (referring  to  degree  of  corrosion) 

-  f 

Corrosion 

-  COTT 

Cylinder 

-  Cyl 

Entire 

-  Ent 

Wide 

-  W 

Long 

-  L 

CODE  FOR  NUMBERS  AND  LETTERS 
WITHIN  CIRCLES  ON  DIAGPJWS  OF  CYLINDERS 

E  -  Electrof ilra  Coated  Cylinders. 

W  -  West  Coast  Application  of  Elcctrofilc  (Parent  Cosipany) 
D  -  Detroit  Application  of  Electrof ilr.  (Licensee) 

1L-6L  -  liunber  of  Cylinder  L  -  Indicates  Left  Bank. 

1R-6R  -  llur.ber  of  Cylinder  R  -  Indicates  Right  Bank. 

P  -  Phosphate  Coated  Cylinders. 

B  -  Bare  Cylinders  -  Ho  Pernanent  Type  Coating. 


EXPLANATORY  NOTES  FOR  C 


M.ER  REKOVAL 


Sone  cylinders  vere  reircved  fc-  .:he  following  reasons, 
during  the  fiist  and  second  annual  •'v.- 1  jations , 

a.  To  cor.pare  the  naked  eye  visual  inspection  to 
results  obtained  by  the  horoscope* 

b.  To  verify  condition  of  the  cylinder,  especially 
where  any  difference  of  opinion  exists  between  three  indi¬ 
viduals  after  using  the  horoscope. 

c.  Sore  cylinders  have  the  pi-^tons  at  the  top  of  the 
coEipression  stroke,  hence  nothing  ca.i  be  seen  with  the  horoscope. 


IHEORHATIOH  Oil  ANMUAL  EVALUATIONS 

The  nexe  33  pages  (13  thru  ii*  words  and  diagrans 
show  results  of  the  three  an  .ual  eva?uatior.s.  T;.e  first  and 
second  year  evaluations  were  -onfired  to  partial  disassembly 
of  the  test  engines.  The  thi.'d  year  and  final  evaluation 
was  a  corpiote  disassenblv  of  the  test  engines,  inspection 
of  components,  reassembly  and  brief  test  run  for  efficiency 
of  operation.  Each  evaluation  is  divided  into  three  areas 
of  information  namely:  (a)  General  Summary,  (b)  Detailed 
Summary,  (c)  Graphical  Suamary. 

First  Annual  Evaluation  -  Pages  13  thru  22 

Second  "  "  -  23  "  3U 

Third  "  "  -  "  35  ”  M6 

The  general  and  e  liled  summary  of  the  third  annual 
evaluation  (Pages  35  u  .e)  naturally  supplements  the 
brief  summary  and  cor  ioas  shown  on  Page  1, 


GEIJERAL  SUMMARY  OF  FIRST  AJHnjAL  EVALUATION 


Every  cylmder  in  each  engine  was  horoscope  inspected  by  three 
individuals.  Observations  were  discussed  periodically.  One  cylinder 
from  each  bank  of  cylinders  of  all  engines  was  removed  for  inspection 
with  the  naked  eye,  so  comparison  of  results  could  be  made  with 
horoscope  findings. 

All  engines  processed  with  K11.-L-2126D,  Grade  2  the  present 
engine  preservative  oil,  displayed  from  1  to  7  corroded  cylinders  most 
of  which  had  reached  the  stage  3  type  of  corrosion. 

Ko  difference  could  be  ascertained  in  protective  qualities  between 
low  and  high  limit  KlL-L-21250  oils. 

The  use  of  permanent  type  coatings  on  the  piston  travel  area  such 
as  phosphate  or  electrofilm  prior  to  processing  with  the  standard 
preservative  oil  offers  little  added  protection,  when  compared  to  the 
tare  cylinders  with  the  same  oil.  It  was  noted  that  most  of  the 
coating  material  had  been  removed  on  the  100  mile  test  track  run. 

Volatile  Corrosion  Inhibitors  either  in  oil  or  crystal  form 
performed  remarkably  well.  The  four  AV-1790  engines  processed  with 
VCI  materials  produced  "lO  corrosion  free  cylinders,  after  IH  months 
outdoor  storage, 

VCI  crystals  when  blown  in  the  cylinders  have  a  tendency  to 
build  up  especially  at  the  top  of  the  cylinder.  This  condition  would 
prove  troublesome  when  considering  the  minute  openings  of  injector 
nozzles  of  fuel  injection  and  diesel  engines.  This  condition  was 
caused  by  the  use  of  air  pressure  to  the  VCI  crystal  plugs  after  they 
had  been  inserted  in  the  spark  plug  openings  in  accordance  with  the 
supplier's  instructions.  The  omittance  of  the  air  pressure  for 
blowing  the  crystals  in  the  cylinder  would  rectify  this  condition. 

It  would  then  be  interesting  to  see  if  sufficient  vapors  would  be 
released  into  the  cylinder  area  to  perform  as  well.  This  will  be 
checked  in  another  phase  of  the  project. 

The  partial  disassembly  only  perm-itted  a  partial  visual  inspection 
of  the  valves,  rings,  pistons  and  other  components.  Past  experience 
reveals  the  cylinder  interior  walls  as  the  most  susceptible  to  corrosion 
hence  the  em.phasis  on  this  area  at  this  time. 


tt 


DETAILIH)  S^ra-ARY  OF  FIRST  AIKlUAl.  EVALUATIOM 


Engine  fl  —  Lou  limi-t  HIL-L-21260  Grade  3 

S  of  12  cylinders  renained  corrosion  free  for  one  year 
7  of  12  cylinders  exhibited  stage  3  corrosion  in  areas  ranging 
free  1/2"  to  1"  wide  and  from  180°  -  360°  of  the  circucference 
of  the  piston  travel  area. 

Engine  f2  -  High  lir.it  MIL-1.-212E0  Gseade  2 

U  of  6  cylinders  remained  corrosion  free  for  one  year 
1  of  6  cylinders  showed  stage  3  corrosion,  1"  wide  for  300° 
of  the  circumference  of  the  piston  travel  area. 

1  of  S  cylinders  showed  stage  3  corrosion  1/8”  wide  and  1"  long. 

Engine  13  -  High  limit  HIL-L-21260  Grade  2 

7  of  12  cylinders  remained  corrosion  free  for  one  year 

2  of  12  cylinders  displayed  stage  2  corrosion  for  an  area 
of  1"  X  4“  in  piston  travel  area. 

1  of  12  cylinders  displayed  stage  3  corrosion  in  various  spots 
over  the  entire  piston  travel  area. 

2  of  12  cylinders  showed  stage  3  corrosion  for  l"-l-l/2“  wide 
from  270°-3C0°  of  the  circumference  of  the  piston  travel  area. 

Engine  14  -  Low  limit  HIL-L-21280  Grade  2 

5  of  6  cylinders  re.mained  corrosion  free 

1  of  o  cylinders  exhibited  stage  3  corrosion  of  1”  wide  for  300° 
of  the  eircuofersnee  of  the  piston  travel  area. 


Engine  IS  -  VCI  Oil. 

All  12  cylinders  free  of  corrosion. 

Engine  16  -  VCI  Oil. 

All  12  cylinders  free  of  corrosion. 


Engine  #7  -  Left  Bank 
KIL-L-21260  Oil, 
Right  Bank  -  VCI 
All  12  cylinders 


of  6  cylinders  VCI  plugs  plus  low  limit 
Grade. 

plugs  only,  no  oil  through  spark  plug  openings, 
remained  corrosion  free. 


Engine  #8  -  Sam.,  as  17 

All  12  cylinders  remained  corrosion  free. 


KOTE  -  Detailed  graphical  sheets  on  each  engine  and  each 
cylinder  follow. 


16 


No  corrosion 


No  corrosion 


EUGIHE  hr.  2  AOS  895-3  SERIAL  NR.  8207 


Gun,  Self-Propelled,  r.T 
Twin  HQKM,  KV2 
USA  NR.  ITT  881 


First  Insp.  9-15-59 


^^is  is  the  results  of 
the  first  inspection. 


I  CODE  FOR  CYLIIIDERS 


'  E  -  Electrof ilm 
W  -  West  Coast 


B  -  Bare 


100  nile  run  of  H42 
vehicle  completed 


I  6-27-58. 


Processed  vith:  High 
Limit  Grade  2  MIL-L- 
21260  Oil. 


Fulled:  This  cylinder 
rcnovedo 


All- cylinders  Boroscooed 
Date  Processed:  7-2-S8 


Wo  corrosion 


O 


#3  Corr  at  top  1»  V  fop 
300° 


Pulled 


*3  Corr  near  top  1"  L 
and  1/8"  Vf 


'No  corrosion 


ACCESSORY  EtID 


I 


ENeniE  int.  3  avi-itso-tc  serial  nr.  26003 

Tank,  combat,  F.T.  /' 

w/90  KH  Gun,  M48A1  / 

USA  NR.  9A119G  I 


i3  Corr  near  top  1"  W 
for  270° 


No  corrosion 


#3  Corr  near  top  1-1/2" 
W  for  300° 


First  Insp.  9-15-59 

This  is  the  results  of 
the  first  inspectirai. 

CODE  FOR  CYLINDERS 
P  -  Phosphate 
B  -  Bare 

1-6  Hr.  of  cylinders 
L  -  Left .Bank 
R  -  Right  Bank 

100  mile  run  of  HUSAl 
vehicle  completed 
6-27-S8. 

Processed  with!  High 
Limit  Grade  2  HIL-L- 
21260  Oil 


#2  Corr  1"  W  x  H"  L 


I  No  corrosion 


Pulled:  This  cylinder 
removed. 

All  cylinders  Boroscoped 
Date  Processed:  7-2-58 


#2  Corr  1"  X  «■ 


No  corrosion 


No  corrosion 


j  No  corrosion 


#3  Corr  Spotty  areas 


ACCESSORY  END 


m  \ 


No  corrosion 


!.'o  corrosion 


EIIGIIIE  HR.  «  A0S-B9S-3  SERIAL  NR.  <»967 
jcun,  Self-Propelled,  F.T. 
lT«in  OOKM,  11*12 
lUSA  HR.  12D112 


[First  Insp.  9-15-59 

I This  is  the  results  of 
ithe  first  inspection, 
j 

j  CODE  FOR  CYLINDERS 

P  -  Phosphate 
B  -  Bare 

1-6  Hr.  of  cylinders 

j 100  nilc  run  of  KU2  Veh- 
■ icle  coapleted;  6-27-5B 
I  Processed  with:  Low  Lini' 
[Grade  2  MIL-L-21260  oil 


I 


IKo  corrosion 


,  Pulled:  This  cylinder 
'  removed. 

i  Date  Processed:  7-2-58 


I 


No  corrosioo 


«3  Corr  at  top  1"  W 
:cr  300° 


I 


•No  corrosion 


ACCESSOPY  END 


Dicnn:  kr.  s  avi-it90-7c  sekial  nr.  21040 


No  coiTosion 


No  corrosion 


No  corrosion 


Mo  corrosion 


Ho  corrosion 
Pulled 


Ko  corrosion 


'Tank,  coatiaT,  F.  X. 
u/90  m  Gun,  H4BA1. 
(ISA  NR.  30177800 

•First  Insp.  9-15-59 


iThis  is  the  results  of 
jthe  first  inspection. 

i  CODE  FOR  CYLIMDERS 


,B  -  Bare 

:1  -  6  Nr,  of  cylinders 
•L  -  Left  Bank 
E  -  Right  Bank 

i 

■100  nile  run  of  M48A1 
■vehicle  completed 
5-28-58 

Processed  with:  VCI  Oil 


I 


jAll  cylinders  Boroscoped 
I  Date  Processed:  S-29-58 

i 

j 

i 


No  sorrosion 


Ho  corrosion 


Ho  corrosion 


No  corrosion 


ACCESSORY  END 


Ho  corrosion 
Pulled 


Ho  corrosion 


No  corrosion 


Ko  corrosion 


No  corrosion 


Ho  corrosion 


Ho  corrosion 


Ho  corrosion 


E.!GINE  HR.  6  AVI-1790-7C  SERIAL  im. 
I  Tank,  cocbat,  F.T.  w/30 
KK  Gan,  K48A1 
USA  KR.  30177735 


16586 


First  Insp.  9-15-59 


This  is  the  results  of 
the  first  inspection. 


CODE  FOR  CYLIHDERS 


B  -  Bare 

1-6  Hr,  of  cylinders 
L  -  Left  Bank 
R  -  Right  Bank 


100  nile  run  of  M48A1 
vehicle  cocpleted 
9-28-58 

Processed  with:  VCI  Oil, 


No  corrosion 


Ko  corrosion 


There  were  no  cylinders 
reiroved. 


All  cylinders  Boroscoped 
Date  processed:  9-29-58 


Ho  corrosion 


G 


Ko  corrosion 


1 


ACCESSORY  END 


‘h'o  corrosion 


Ho  corrosion 


Ho  corrosion 


Ho  corrosion 


Ho  corrosion 


Ho  corrosion 


Ho  corrosion 


EKCnJE  HR.  7  AV-17S03  SERXAt  HR.  18620 

iXank,  ccnbat,  F.T.  «/90  ; 

.  MM  Gun,  M48A1  ' 

!  USA  HR.  30173160  i 


First  Insp.  9-1S-S9 

This  is  the  results  of 
the  first  inspection, 

CODE  FOR  CYLIHDERS 

B  -  Bare 

1—6  Sr,  of  cylinders 
L  -  Left  Bank 
R  -  Richt  Bank 

100  nile  run  of  H<)8A1 
vehicle  completed 
9-28-58. 


Ho  corrosion 


Ho  corrosion 


!  1  -  6  Left  Bank  cylin-  f 

j  ders  processed  with:  Low  I 

I  Limit  Grade  2  MIL-L-  \ 

I  2126C  plus  V.C.I.  Plugs  ^ 

.  in  spark  plug  openings.  Ho  corrosion 
! 

‘  Pulled:  This  cylinder 
!  removed. 


j  All  cylinders  Beroscoped 
'■  Date  processed:  9-29-58 


I 


jWo  corrosion 


I 


I  Ho  corrosion 


ACCCSSOPY  Eim 


’ Ho  corrosion 


OIGiriE  KR.  B  AV-1790B  SERIAL  HR.  5II0« 


Ko  corrosion 
Pulled 


Ko  corrosion 


No  corrosion 


No  corrosion 


1  Tank,  Contat,  F.T.  w/9a 
i  HK  Gun,  KUBAl 
i‘DSA  KR.  9A119S 

I  First  Insp.  9-1S-S9 

I 

I  This  is  the  results  of 
j  the  first  inspection. 

Code  For  Cylinders 
B  -  Bare 
L  -  Left  Bank 
R  -  Right  Bank 
1-6  Hr.  of  cylinders 

100  nile  run  of  MU8A1 
vehicle  ccr.pleted 
9-29-S8 

1-6  Left  Bank  cylin¬ 
der  processed  with;  Low 
Linit  Grade  2  KIL-L- 
21260  plus  V.C.I.  Plugs 
in  Spark  Plug  openings. 

1-6  Right  Bank  cylin- 
;  ders  processed  with:  VCI 
I  Plugs  only,  no  oil  thru 
'  spark  plug  openings. 

I 

i  Pulled:  This  cylinder 
;  recoved. 


Ko  corrosion 


Ko  corrosion 


No  corrosion 


All  cylinders  Boroscoped  * 


Date  processed;  9-29-S8 


I'Nc  corrosion 

I 

I 


No  corrosion 


|No  corrosion 


ACCESSORY  EHD 


SEilERAL  SU!'.h!AP.Y  Or  SECOl.D  AJHUAL  EVALUATIOM 


Every  cylinder  in  each  engine  was  horoscope  inspected  by  three 
individuals.  Individual  cylinders  in  soce  cases  were  completely 
rettoved  for  naked  eye  visual  inspectioni  where  any  doubt  or  dif¬ 
ference  of  opinion  existed  on  the  horoscope  examination. 

All  engines  processed  with  KIL-L-21260  preservative  oi'le 
displayed  at  least  50%  of  the  cylinders  corroded,  most  of  which 
had  reached  the  stage  3  type. 

With  the  KIL-E-21260  processed  engines^  cylinders  that  had 
displayed  ccrrccien  after  the  first  ennuel  inspections  had  in¬ 
creased  in  severity  and  area  affected.  Also  sone  cylinders  not 
corroded  after  the  first  year  were  now  affected. 

The  difference  between  the  preservative  qualities  of  low  limit 
and  high  lirit  HIL-L-21260  oils  was  noticeable,  indicating  better 
results  with  material  considered  in  the  higher  bracket  of  quali¬ 
fication. 

The  use  of  permanent  type  coatings  such  as  phosphate  or 
electrofilc  on  the  cylinder  walls  prior  to  processing  with  the 
standard  preservative  oil  (HIL-L-21260)  offers  little  added 
protection,  when  compared  to  the  bare  uncoated  cylinders,  processed 
with  the  same  oil.  Observaticn  indicated  that  most  of  such  type 
coatings  had  been  removed  on  the  100  mile  test  run  before  the 
original  processing. 

Practically  all  interior  cylinder  surfaces  appeared  quite  dry 
with  little  or  no  evidence  that  oil  had  been  atomized  through  the 
spark  plug  openings.  This  indicates  the  drain  off  characteristics 
of  the  oils  used  especially  on  vertical  surfaces  over  a  long  period 
of  time. 

VCI  oil  (Eng  is  £  6)ap?earcd  best  as  no  corrosion  was  found  on 
any  of  the  2>i  cylinders  after  two  years'  storage.  The  fantastic 
part  is  that  this  is  the  second  t5m.e  in  tv:o  years  that  the  engines 
have  been  removed  fiom  the  vehicles  and  set  around  for  days  with  one 
spark  plug  removed  from  each  cylinder.  Apparently  the  contact  and 
volatile  protection  was  not  too  adversely  affected  by  the  excessive 
handling  of  the  encincs  necessary  to  accomplish  the  evaluations. 

VCI  crystals  (Lng,  »7  t  8)  in  combination  with  KlL-L-21260 
oil  through  the  spark  plug  openings  displayed  only  J  of  12  cylinders 
with  corrosion  which  had  developed  during  the  second  year  of  storage 
and  was  confined  to  small  areas.  It  was  noted  that  the  crystals 
were  prevalent  on  the  interior  surfaces  of  the  cylinder  and  when  oil 
had  been  atomized  through  the  spark  plug  openings  there  was  a  ten¬ 
dency  of  build-up  in  some  areas  of  the  two  materials.  In  fact, 
through  a  horoscope  these  areas  had  the  appearance  of  corrosion. 


I 


DITAILED  SUKWiRY  or  SECCKD  ANNUAL  rVALUATIOW 


Engine  #1  -  Lev  lip.it  KIL-L-21260  Grade  2 

2  of  12  cylinders  regained  corrosion  free  for  two  years 

2  of  17  cylinders  exhibited  stage  3  corrosion  on  the  entire 
piston  travel  area. 

1  of  12  cylinders  had  spotty  stage  1  and  2  corrosion  on  the 
entire  piston  travel  area* 

U  of  12  cylinders  displayed  stage  3  corrosion  in  areas  ranging 
from  1/2”  to  1**  **ide  and  fron  160®-360®  of  the  circumference 
of  the  piston  travel  area. 

3  of  12  cylinders  displayed  sirall  areas  of  stage  1  and  2  cor¬ 
rosion  ranging  frcp.  1/**”  to  1**  wide  up  to  60  of  the  cir¬ 
cumference  of  the  piston  travel  area. 

Engine  f2  -  High  limit  MIL-L-21260  Grade  2 

3  of  6  cylinders  rerained  corrosion  free  for  two  years 

3  of  6  cylinders  developed  stage  3  corrosion  in  strcaV.s  and 
bands  from  60^-300°  of  the  circumference  of  the  piston  travel 
area  ar.d  from  1/8**  to  1**  wide. 


Engine  #3  -  High  limit  mL-L-21260  Grade  2 

5  of  12  cylinders  remained  corrosion  free  for  two  years 

1  of  12  cylinders  developed  spotty  stage  3  corrosion  over  entire 
pisten  travel  area. 

1  of  12  cylinders  developed  stage  1  corrosion  over  top  half  of 
piston  travel  area. 

3  of  12  cylind'^rs,  no  noticeable  change  froa;  first  annual  evalu¬ 
ation. 

1  of  12  cylinders,  stage  3  corrosion  ever  top  half  of  piston 
travel  area, 

1  of  12  cylinders  displayed  spotty  stage  1  corrosion  over  entire 
piston  travel  area. 

Engine  fi*  -  Lew  limit  MIL-L-?i2tO  Grade  7 

2  of  &  cylinders  rcrainec  corrosicr.  free  for  two  years 

3  of  6  cylinders  developec  stage  3  cerrosien,  2’*  wide  bend  for 

of  the  circumference  of  the  piston  travel  area* 

1  of  6  Cylinders,  no  char.r*:  from  first  evaluation 

Engine  f5  VCI  Cil. 

All  12  cyllnons  free  c:  ccrrc'^ion  fer  two  years 


Engine  -  VCI  Oil. 

Ail  12  cylinders  rerained  free  of  corj 


csion  for  two  years 


DETAILED  SUKMAP.Y  OF  SECOMD  AKKUAt.  EVALUATIOH 


Engine  17  -  Left  bank,  VCI  plugs  plus  low  liiait  KIL-L-21260  oil 
Right  bank,  VCI  plugs  only 

11  of  12  cylinders  remained  corrosion  free  for  two  years 
1  of  12  cylinders  developed  stage  3  corrosion,  1“  wide  band 
for  90°  of  circumference  of  piston  travel  area. 

Engine  18  -  Left  bank,  VCI  plugs  plus  lc«  limit  HIL-L-212E0  oil 
Right  bank  VCI  plugs  only 

7  of  12  cylinders  remair'*'’  corrosion  free  for  tuo  years 
5  of  12  cylinders  developed  strips  and  scots  of  stage  2  cor¬ 
rosion  from  l/'i"  to  2"  wide  on  6D°-160°  of  the  circumference 
of  the  pistcn  travel  area. 


ENGINE 


No  corrosion 


#3  Corr,  near  top  1"  L 
and  above  ring  travel 


NS.  2  AOS  B9S-3  SESIAL  Iffi, 

'  Gun,  Self-Propelled,  E.T, 
Twin  K42 

•  USA  NR,  12rB31 

First  Insp.  9-25-59 
Second  Insp.  9-20-B0 

This  is  the  results  of 
the  second  inspection. 

CODE  rCR  CYLICTERS 

'  E  -  Elactrof  Us 
W  -  West  Coast 
6  -  Bare 

100  oile  run  of  K42 
vehicle  completed 
j  6-27-58. 

Processed  with:  High 
Licit  Grade  2  KIL-L- 
21260  7-2-58. 


Pulled;  This  cylinder 
re.noved  first  and 
second  inspection. 

All  cylinders  Eorcscoped 

Date  processed;  7-2-58 


I 

i 

i 


8207 


Sane  as  first  inspection 
plus  1"  strip  of  *2  Corr 
extended  from  top  of  piston 
travel  to  bottom  of  Cyl 

Pulled 


Several  spotty  streaks, #3 
Corr  60° 


ACCESSORY  END 


I 


DIGDIE  UR.  3  AVI  1790-7C  SERIAL  HR.  26003 


No  corrosion 


«3  Corr  1“  W  for  270° 


Spotty  13  Corr  Ent  Cyl 


#3  Corr  1-1/2*  N  300° 
Pulled 


Uo  corrosion 


Spotty  #3  Corr  top  area 


•Tank,  ccnbat,  P.T.  «/90 
;KK  Gun,  IJUSAl 
USA  IIP..  9A  1196 

^First  Insp.  9-15-59 
{Second  Insp.  9-21-60 

I  . 

.This  is  the  results  of 
the  second  inspection. 

CODE  FOR  CYLIUDERS 

P  -  Phosphate 
B  —  Bare 

1—6  Nr.  of  cylinder 
L  -  Left  Bank 
R  -  Right  Bank 

1 100  nile  run  of  K4BA1 
! vehicle  completed 
•6-27-58. 

I 

[processed  with:  High 
i  Limit  Grade  2  MIL*L- 
j  21260  Oil. 

f 

I 

I 

Pulled:  This  cylinder 
removed  first  and  second 
inspection. 

■ (Pulled)  This  cylinder 
removed  second  inspec- 
*  tion  '  ' 

f 

All  cylinders  Porcscoped 

:  Date  processed:  7-2-58 

I 

i 

i 


No  corrosion 


(Pulled) 


97  Corr  1”  x  4"  vertical, 
spotty  #1,  Corr  threughou 
Ent  Cyl 


'  No  corrosicn 
,  (Pulled) 

I 

I 

1 


Spotty  #1  Cerr  top  arei 


ACCESSORY  r.HD 


30 


ElfGlNE  Njr.  4  AOS  £95-3  SERIAL  HR.  4967 

Gun,  Self-Propelled,  r.T 
Twin  40»i  K42, 
tISA  HR.  I2DI17 


#3  Corr  spotty  for 
360°  top  half  Cyl 

(Pulled) 


#3  Corr  360®  2"  W  top 
of  ring  travel  area. 

(Pulled) 


Same  as  first  inspection 
with  increased  Corr,  ' 

Pulled 


First  Insp*  9*15-59 
Second  Insp.  9-21-60 

This  is  the  results  of 
the  second  inspection, 

CODE  FOR  CYLIUnPRS 

P  -  Phosphate 
B  -  Bare 

1-6  Hr.  of  cylinders 

100  mile  run  of  M42 
vehicle  completed 
6-27-58 

Processed  with:  Low 
Limit  Grade  2  KIL-L- 
21260  Oil. 


Pulled;  This  cylinder 


removed  first  and  second 
inspection 

(Pulled)  This  cylinder 
removed  second  inspect¬ 
ion. 

Date  processed;  7-2-58 


pJo  corrosion 
(Pulled) 


#3  Corr  2"  W  320®  top  of 
ring  travel  area. 

(Pulled) 


Ko  corrosion 
(Pulled) 


ACCESSORY  EHD 


I 


EiJ'^INE  HR.  6  AVI-1790-7C  SEEIAL  MR.  16586 


'6  L 
B 


Ua  cotrosiog 


Ho  corrosion 


l.'o  corrosion 


Tank,  ccrabat,  F.T.  w/90 
MM  Gun,  K48AX 
USA  HR.  30177735 

First  Insp.  9-15-59 
Second  Insp.  9-20-60 

This  is  the  results  of 
the  second  inspection, 

I 

I  CODE  FOR  CYLIHDERS 


B  -  Bare 

1-6  Hr,  of  cylinders 
L  -  Left  Bank 
R  -  Right  Bank 

100  iviie  run  of  KuOAl 
vehicle  completed 
3-28-5S 

1 

1  Processed  with  VCI  Oil. 


No  corrosion 


No  Corrosion 


There  were  no  cylinders 
j  recoved. 

IaII  cylinders  Boroscoped 
i 

jDate  Processed:  9-29-58 


Ho  corrosion 


No  corrosion 


Ho  corrosion 


!  Ho  corrosion 


Ho  corrosion 


ACCES5CKY  END 


Ko  corrosion 


Ko  corrosion 
Pulled 

0 
Ko  corrosion 

(Pulled) 


Ko  cori-osion 


EneXKE  HR.  7  AV-1790-3  SERIAL  RR. 

Tank,  coiibat,  E.T*  u/30 
•HM  Gun,  M48A1 
jUSA  KR.  30173160 

jFirst  Insp.  9-1S-S9 
Second  Insp.  9-20-60 

This  is  the  results  of 
the  second  inspection. 

CODE  rOR  CYLIKDERS 

E  -  Bare 

1-6  IJr.  of  cylinders 
L  -  Left  Bank 
R  -  Right  Bank 

100  Mile  run  of  HU8A1 
vehicle  ccnpleted 
9-28-S8 

1-6  Left  Bank  Cylind¬ 
ers  processed  with  Lou 
Limit  Grade  2,KIL-L- 
21260  plus  V.C.I.  plugs 
in  spark  plug  openings. 

1-6  Right  Bank  Cylind¬ 
ers.  Ho  oil  thru  spark 
plug  openings,  only  VCI 
plugs. 

iPullco;  This  cylinder 
re».cved  first  and  second 
inspection. 

(Pulled)  These  cylind- 
•ers  removed  second  in- 
ispection. 

i 

:A11  cylinders  Boroscoped 

[  i 

!Date  processed:  9-29-58  } 


Ho  corrosion 


No  corrosion 
(Pulled) 


ho  corrosion 


ACCESSORY  EHD 


^3  Ccrr  120°  l"x3 


1/J"  band  12  Corr  180° 
Pulled 


/  ®  ^  \  Tank,  conbat,  r.T,  w/9D 

I  1  KK  Gun,  K48A1 

V  ®  /  USA  IJR,  9A119S 

„  .  First  Insp.  9-1S-S9 

Ho  corrosion  Second  Insp*  9^20>60 

t 

"Oils  is  the  results  of 

©the  second  inspection. 

;  CODE  rOP.  CYLIMDERR 

ki:; - 

1-6  Nr.  of  cylinders 

^lle^"**  ?  ■  ^gnt^B^nk  I1 

100  Eile  run  of  MUBAl 

©vehicle  coapleted 
;3-28-S8. 

i-S  Left  Bank,  cylinders 
processed  with  Low  Limit 
. /.fi  u  *  a.  y.  Grade  2|  HIL— L»21260  plus 

60°  tL®!rea 

60  top  area.  Plug  openings, 

©1-6  Right  Bank,  cylind¬ 
ers  processed  with  V.C.I. 
plugs  only,  no  oil  thru 
spark  plug  openings. 

Pulled  This  cylinder  re- 
otrip  fi  Corn  90°  bottom  coveo  first  and  second 

inspection.  , 

(Pulled)  •  ( 

C. _  (Fulled)  These  cylinders 

2  l\  rereved  second  inspection 

g  j  Ali  cylinders  Boroscoped 

/  Date  prccessed;  9-29-58 

Ho  corrosion  ] 


1/2"  H  strip  #3  CoiT 
60  top  area. 


He  corrosion 
(Pulled) 


kl  Corr,  l/4“x2" 


Ho  corrosion 


Ho  corrosion 


5  spgts  l/V*”®  from 
to  2"  top  area. 


No  corrosion 


ACCESSORY  EIID 


Ho  corrosion 
(Pulled) 


35 


nEKERAL  SU^'i•A?Y  Of  T».I?.D  Al.'.'.'UAI.  EVAtt’ATIOii 

VCI  Oil  (Eng  SE&)  proved  best  ty  keeping  17  of  2'i  cylinders  corrosion 
free  for  three  years.  The  other  seven  cylinders  which  developed 
corrosion  during  the  third  year  of  storage  were  spotty  and  not 
near  as  severe  as  the  other  engines. 

VCI  crystals  (Eng  <7  £  8)  alone  or  with  KIE-I  ’60  proved  second 

test  with  3  of  2*1  cylinders  corrosion  fre-  3  years,  IS  of 
the  21  cylinders  developed  corrosion  duri.  -  third  year  of 
storage.  Practically  all  the  corrosion  wa.  .  jr.fined  to  spots 
or  bands  1/2"  -  1”  wide,  90°  -  360°  of  the  circumference  of  the 
piston  travel'  area. 

;iIL-L-21260  oil  displayed  sufficient  corrosion  on  half  the  cylinders 
to  question  satisfactory  operation  of  the  engine  after  reassenbly 
without  considerable  rework  and/or  salvage. 

There  was  a  irore  noticeable  oifference  in  the  perfortjance  of  the  two 
sources  of  KIL-L-21260  oil.  One  source  considered  borcerline 
insofar  as  meeting  the  requireecnts  of  the  specification  did 
net  perforn  as  well  as  another  source  material  that  our  qualifi¬ 
cation  people  regard  as  far  above  the  minim.ua  specification 
requiresents.  In  the  test  these  .-saterials  were  designated  as 
low  limit  and  high  limit  .accordingly. 

The  combination  of  a  phosphate  treatment  plus  MIE-L-21260  oil  performed 
slightly  better  than  the  same  oil  on  the  bare  cylinders,  however, 
not  sufficiently  superior  to  warrant  the  time,  cost  and  labor 
of  phosphate  coating  each  cylinder. 

The  use  of  electrofiln  (com.bination  lead,  tin  and  graphite)  with 
oil  did  no  better  ban  the  same  oil  on  bare  cylinders.  Also 
no  difference  was  n.'-ted  between  the  coating  as  applied  by  the, 
parent  company  or  one  of  it’s  licensees. 


All  cylinders  were  both  borcscope  inspected  then  removed  for  actual 
visual  inspection.  Generally  speaking  the  comparison  revealed 
the  extent  and  degree  of  corrosion  is  most  difficult  to  ascertain 
strictly  by  beresrope  readings.  Therefore,  the  findings  on  the 
detailed  sheets  for  the  third  evaluation  show  the  actual  condition 
as  determined  by  visual  inspection  after  removal  of  the  cylinders 
from  the  engine.  Upon  complete  teardewn,  other  components  were 
chee'eed  for  corrosion  ar.d/or  deterioration.  Engines  were  then 
reassembled,  tested  on  a  power  pack  test  stand  for  efficiency  of 
operation  with  particular  emphasis  on  performance  relating  to  the 
following  characteristics  and  components. 


Oil  Pressure 
Koise 
31ow  By 

Stall  Test  (P.PM 
Compression  Headings 
of  Each  Cylinder) 


i'agr.ctos 
Carburetors 
Ignition  Harness 
Generator 
Starter 


reel  Filter 
Oil  Filter  Element 


Dt-T^ILED  SU;:rARY  OF  3BD  E  FII.'AL  EVAiUATIOS 


Engine  fl  -  Low  Lir.it  :;1L-L-21260,  Grade  2  Oil. 

1  of  12  cylinders  resained  corrosion  free  for  three  years. 

2  of  12  cylinders  exhibited  Stage  3  corrosion  for  the  entire 
piston  travel  area. 

1  of  12  cylinders  exhibited  Stage  2  E  3  corrosion  spots  over 
the  entire  piston  travel  area. 

1  of  12  cylinders  displayed  Stage  3  corrosion  fer  2/3  of  the 
entire  pisten  travel  area. 

7  of  12  cylinders  exhibited  Stage  2  £  3  corrosion  spots  and 
bands  for  the  entire  circunference  froa  1"  -  2"  vide. 

Upon  reassesbly  and  testing  on  a  power  pack  test  stand  for 
efficiency  of  operation,  the  following  deficiencies  were  noted. 

a)  Oil  pressure  was  IS  P.S.I.  at  28C0  RFK,  acceptable 
is  £0  -  70  P.S.I.  AssuEption  is  this  was  caused  by 
worn  hearings  and  not  storage  deficiency. 

b)  Generator  shewed  no  change,  probably  caused  by  previous 
disasscnhly  and/or  worknar.ship  and  not  deterioration. 

c)  Governor  was  unserviceable.  Hot  due  to  storage. 

Engine  f2  -  High  Linit  MIL-L-21260,  Grade  2  Oil, 

>!  of  E  cylinders  displayed  Stage  2  £  3  corrosion  on  entire 
piston  travel  area. 

2  of  E  cylinders  displayed  Stage  2  £  3  corrosion  spots  over 
entire  piston  travel  area. 

Upon  rcassecbly  and  testing  on  a  power  pack  test  stand  for 
efficiency  of  operation,  no  deficiencies  weic  acted. 

Engine  ?3  -  High  Linit  KIL-L-21260,  Grade  2  Oil. 

2  of  17  cylinders  showed  no  corrosion  after  three  years. 

1  of  12  cylinders  displayed  Stage  2  £  3  corrosion  on  the  entire 
piston  travel  area. 

of  12  cylinders  showed  Stage  2  corrosion  spots  on  the  entire 
piston  travel  area. 

3  of  12  cylinders  displayed  stage  3  corrosion  bends  1-1/2"  -  2" 
fide  for  333'^-36C°  of  the  circumference  of  the  piston  travel  area 

1  of  12  cylinders  shewed  stage  3  corrosion  in  cr.e  area  of  the 
piston  travel  area  4"x3", 

1  of  12  cylinders  displayed  Stage  1  corrosion  for  to?  half  of 
piston  travel  area. 

Upon  rcasr-e-,bly  and  testing  on  a  power  pack  test  stand  fer 
erficiency  of  operation,  engine  would  not  start  due  to 
i -proper  timing. 


Engine  I  4  -  Low  Licit  !1IL-L-21260,  Grade  2  Oil. 

All  6  cylinders  corroded. 

1  of  6  cylinders.  Stage  3  corrosion  over  entire  piston  travel  area. 
1  of  6  cylinders.  Stage  2  £  3  corrosion  spots  over  entire  piston 
travel  area. 

M  of  6  cylinders.  Stage  3  corrosion  bands  l-l/2"-2"  wide  for 
300°-360°  circucference  of  piston  travel  area. 

Upon  reassembly  and  testing  on  a  power  pack  test  stand,  the  only 
deficiency  was  the  ignition  harness  which  vas  damaged  due  to  the 
handling  in  the  three  toardovr.s. 

Engine  CS  -  VCI  Oil. 

3  of  12  cylinders  r:r  :r— :  cerrosien  free  for  3  years. 

3  of  12  cylindois,  2  corrosion  spots  on  entire  piston 

travel  area. 

1  of  12  cylinders.  Stage  2  corrosion  band  1/8"  wide  for  180® 
of  circur.ferer.ee  of  piston  travel  area. 

Upon  reasseably  and  testing  on  a  power  pack  test  stand,  no 
operatine  deficiencies  were  found. 

Engine  -  VCI  Oil. 

r  o."  1/  cylir.d<r3  ro:r-.r.ei  corrosion  free  for  three  years. 

2  of  12  cylinders  Stage  2  corrosion  spot  l/2"-2-l/2"  wide  by 
2-1/2"  long. 

1  of  12  cylinders  Stage  1  £  2  corrosion  spots  on  lower  half 
of  piston  travel  area. 

Upon  reassembly  and  testing  or.  a  power  pack  test  stand  no  operati.-.t 
deficiencies  were  noted. 

Engine  f7  -  Left  Bank  -  VCI  plugs  plus  Low  Limit  KIL-L-21260,  Grade  2 
Oil  atomized  through  spark  plug  openings.  Right  Bank  -  VCI 
plug  only. 

1  of  12  cylinders  reriaincd  corrosion  free  for  three  years. 

6  of  12  cylinders  Stage  2  corrosion  spots  over  entire  piston 
travel  area. 

3  of  12  cylinders  Stage  2  corrosion  spots  over  lower  half  of 
piston  travel  area. 

2  of  12  cylinders.  Stage  3  corrosion  band  l/2"-l"  wide,  lEOO-350® 
circumference  of  the  piston  travel  area. 

Upon  reassembly  and  testing  on  a  power  pack  test  stand  the 
following  operating  deficiencies  were  noted. 

a)  Co.-apression  was  lov  on  all  6  cylinders  of  the  right 
bank  and  1  cylinder  slightly  low  on  left  bank. 

b)  Stall  test  (PF.t’s)  read  2300  instead  of  the  mir.im.ur  2400. 

c)  Blow  by  rejectable. 

All  above  deficiencies  presumably  due  to  faulty  tiring  caused 
by  the  teardewn  and  not  any  deterioration  and/or  corrosion. 


ngine  *8  -  ZeT-e  as  7. 

2  of  12  cylinders  recair.ed  ccrrcsicn  free  fer  three  years. 

2  cf  12  cylinders  Etaye  2  £  3  ccrrcsicn  sycts  for  entire  piston 


travel  area. 


8  cf  12  cylinders,  Stayc  2  £  3  ccrrcsicn  band  l/2"-l*  vide, 
180®-36C°  circumference  cf  risten  travel  area. 

*1  of  these  same  E  shoved  additional  strip  of  stage  3  corrosion 
1/4”  vide,  60°-l£0O  circurf erence  of  piston  travel  area. 

Upen  reassembly  and  testing  on  a  pcxier  rack  test  stard  no  operating 
deficiencies  were  noted. 


niroiE  JIR.  1  AVr-173D-7C  SEHIAL  HR.  26033 

6~I^  Tank,  COT-ia-t,  T.T.  «/90 

\  liK,  Gun,  KkBAl 

■B  j  USA  HR.  30177006 


*3  Corr  180°,  1-1/2"  2" 
W  top  of  Cyl 


\  0 


#3  Corr  Ent  Cyl 


*3  Corr  360°  1"-1.1/2"H 
top  of  Cyl 


First  Insp.  3-1S-S9  V  ^ 

Second  Insp.  9-20-60  13  Corr  Ent  Cyl. 

Third  Insp-  lD-12-61 

This  is  the  restilts  of 
the  third  inspection. 

CODE  FOR  CYLHOjirRS  (  | 

E  -  Electrofila 

2  :  SSrcLst'""’""  *1  360°  1-1/2"  2"H 

B  -  Bare  ^°F  ^yl. 

1-6  Ko.  of  cylinders 

L  -  Left  Bank  /Y 

R  -  Right  Bank  '  /  I 

100  mile  run  of  X4BA1  1  V  *  y 

vehicle  completed  i  ^ 

6-27-Saj  processed  with  /2  E  3  Corr  spots  1/2"  W 
low  limit  Grade  2  HIL-L-i  top  of  Cvl 
{21260  Oil.  i  ^  ^ 


13  Corr  360°  1-1/2"  2"H 
top  of  Cyl. 


I  Fulled  this  cylinder-  i 
;  Removed  f irst  and  second  j 
I  inspection.  j 


f2  E  3  Corr  spots  1"  W 
360°  top  of  Cyl 


f  2  L\ 

1  ^  ) 

#283  Corr  spots  Ent 
Cyl 


•All  cylinders  pulled.  1. 

'  !f2  E  3  Corr  360°  1"  H  top 

All  cylinders  Borcscopedj  °6  ^yi 

,  First  £  Second  Inspection 

1  i 

;  Date  processed:  7-2-58  I 

:  < 


#3  Corr  360°  2"  w  top 
of  Cvl 


•  ^/^  Cyl  #3  Corr  top 


ACCESSORY  EIID 


EIIGIIIE  liK.  2  AOS  89S-3  SERIAL  HR,  8207 


#263  Corr  Ent  Cyl 


Gun,  Stilf-Prcpelled,  F.T, 
Twin  <ioni,  M42 
.USA  HP.  121881 

t 

"First  Insp.  9-15-59 
Second  Insp.  9-20-60 
, Third  Insp.  10-12-61  : 

i 

;This  is  the  results  of 
I  the  third  inspection. 

I 

CODE  FOR  CYLINDERS 


#263  Corn  spots  Ent  Cyl 


;E  -  Electrofiln 
-  "dest  Coast 
j  3  -  Bare 

I 

IOC  nile  run  of  K42  veh¬ 
icle  cocpleted  6-27-58. 
i , 

(■ recessed  with  high  Limit 
:3raae  2  KIL-L-2126'’  oil  ! 
•7-2-58. 


:  C  3  Corn  Ent  Cyl 


f2  E  3  Com  Ent  Cyl 


' Fulled:  This  cylinder 
re-roved  first  and  second 
^ inspection. 

I 

jAll  cylinders  pulled  [ 
cylinders  licroscopcd; 
■ irst  t  second  Inspection 
?ete  processed;  7-?-5B  j 


ENGINE  HR.  3  AVI-1790-7C  SERIAL  NR.  26IJ?3 


f  1  E  2  J  orr  spots  Ent 
Cyl 


#3  Corr  1-1/2"  W  top  of 
Cyl 


#3  Corr  360°  2"  W  top 
of  Cyl 


§3  Corr  300°  1-1/2"  V 
top  of  Cyl 


#2  Corr  spots  Ent  Cyl 


#2  £  3  Corr  Ent  Cyl 


•Tank,  ccskat,  E.T.  w/90  • 
iKKGun,  MM8A1  i 

;USA  UR.  9A  USE 

iFirst  Insp.  9-15-S9 
Second  Insp.  9-21-EO 
Third  Ins  10-12-61 

This  is  the  results  of 
the  third  inspection. 

CODE  FOR  CYLINDERS 

P  -  Phosphate 
B  -  Bare 

1-6  Uo.  of  cylinder 
L  -  Left  Bank 
R  -  Right  Bank 

100  cile  run  of  NUSAl 
vehicle  cccpleted 
6-27-S8. 

Processed  vith  High  Lini 
i Grade  2  HIL-L-21260,Oil 


i2  E  3  Corr  spots  '»"x3r 


Ho  corrosion 


12  £  3  Corr  spots  Ent  Cj 


i Pulled?  This  cylinder 
Irecoved  first  and  second 
: inspection. 

1 

j (Pulled)  This  cylinder 
] reroved  second  inspectioi 

.All  cylinders  pulled 
All  cylinders  Boroscoped 
First  £  Second  Inspection 
"Date  processed:  7-2-58 


I 


fl  Corr  spots  Ent  Cyl 


ACCESSORY  END 


niGIIIE  «?-.  4  AOS  695-3  SERIAL  NTt.  4967 


13  Ccrr  Ent  Cyl 


#3  Corr  360°  2"  W  at 
top  of  Cyl 


Gun,  Self-Pronellcd,  r.T, 
Twin  40  KK,  M42 
USA  KK.  12D112 

1 

First  Insp.  9-1S-S9 
Second  Insp.  9-21-60 
Third  Insp.  10-12-61 
I 

' This  is  the  results  of 
' the  third  inspection. 

!  CODE  FOR  CYUt:DER& 

P  -  Phosphate 
i B  -  Bare 

: 1  -  6  Ho.  of  cylinders 

j  100  siile  run  of  K42  veh- 
’  icle  completed  6-27-58, 

Processed  with  Lou  Limit 
Grade  2  KIL-L-21260  oil. 


All  cylinders  Boroscoped 
first  and  second  inspec¬ 
tion. 


Si  £  2  Corr  spots  Ent  Cyl 


360°  2"  W  at  top 


t  ; 

Pulled;  This  cylinder  i f 3  Corr 
removed  first  and  second |  of  Cyl 
!  inspection. 

!  (Pulled)  This  cylinder 
;  removed  second  inspectio  i 
.  All  cylinders  pulled. 

'  Date  processed:  7-2-58 


#3  Jorr  300°  1-1/2"  W 
at  top  of  Cyl 


#2  Corr  spots  1-1/2"  W  at 
top  of  Cyl 


ACCLSSORY  END 


niGIHE  HR.  6  AVI-1790-7C  SERIAL  HR.  16S8G 


#2  £  3  Con?  spot  1-1/2' 
X  2-1/2“  center  of  Cyl 


}!q  corrosion 


;io  corrosion 


;<o  corrosion 


iTank,  coirbat,  F-T.  w/90 
IKM  Gun,  K48A1 
I USA  HR.  3017773S 

Ifirst  Insp.  9-1S-S9 
{Second  Insp.  9-20-60 
jThird  Insp.  10-12-61 

■This  is  the  results  of 
I  the  third  inspection. 

!  CODE  FOR  CYLIliDERS 

i  - 

jB  -  Bare 

[1-6  Ho.  of  cylinders 
|l  -  Left  Bank 
jR  -  Right  Bank 

I 100  mile  run  of  M4BA1 
[vehicle  completed 
j  9-28-58 
1 

Processed  with  VCI  Oil. 


There  v;ere  no  cylinders 
removed. 

All  cylinders  pulled 
All  cylinders  Boroscoped 
First  and  Second  Inspec¬ 
tion. 

Date  processed:  9-29-58 


Ho  corrosion 


Ho  corrosion 


I 


ACCESSOpy  EHD 


»1  £  2  Corr  spots  1/2"  W 
45°  top  of  Cyl 


EaGIlJE  UR. 


#3  Corr  spots  Ent  Cyl 


S2  £  3  Corr  spots  Ent 
Cyl 


fl  £  2  Corr  spots  Ent 
Cyl 


?3  Corr  spots  Ent  Cyl 


7  AV-1780-B  SERIAL  UK.  18620 


i5 


Tank,  combat,  F.T.  w/90 
KK  Gun,  K48A1 
USA  HR.  30173160 

First  Insp.  9-15-59 
Second  Insp.  9-20-60 
Third  Insp.  10-12-61 

This  is  the  results  of 
the  third  inspection. 

CODE  FOR  CYLIHDERS 

3  -  Bare 

1-6  No.  of  cylinders 
L  -  Left  Bank 
H  -  Right  Bank 

100  mile  run  of  H48A1 
vehicle  completed 
9-28-59. 

'l-6  Left  Bank  Cylinders 
processed  with  Low  Limit 
Grade  2  KIL-L-21260  plus 
V.C.I.  plugs  in  spark 
plug  openings. 

1-6  Right  Bank  Cylinders 
No  oil  thru  spark  plug 
openings,  only  V.C.I. 
ylugs. 

Pulled:  This  cylinder  rc* 
roved  first  and  second 
inspection. 

(Pulled)  These  cylinders 
removed  second  inspection 
All  cylinders  pulled 
All  cylinders  Boroscoped 
First  and  Second  Inspec¬ 
tion. 

Late  processed;  9-29-58 


#1  £  2  Corr  spots  lower 
half  of  Cyl 


«3  Corr  1/2”  W  360°  top  of 
Cyl 


#1  £  2  Corr  spots  lower 
half  of  Cyl 


|{2  £  3  Corr  180°  1"  W  tep 
I  of  Cyl  ^ 


I 


12  6  3  Corr  spots  Ent 
Cyl 


accessory  tmi) 


il2  t  3  Corr  soots  lower 
"half  of  Cyl 


EHGIKE  HO.  8  AV-1790-B  SERIAL  HR,  S1108 

6  1  '^\  Tank,  ccnbat,  F.T.  w/SO 

\  12?  Pun,  K48A1 


USA  i:s.  9A  1195 


^ -  First  Ir.sp.  9-15-59 

#3  Corr  1/2"  W  360°  top  Second  Insp.  S-20-60 
of  Cyl  'Third  Insp.  iO-12-61 


.*2  6  3  Ccr.-  1/2"  W  360°  at 
top  of 


This  is  the  results  of 
thi  third  inspection. 

CODF  FOP  CYLINDERS 


^  B  -  Bare 

i:  6  3  Corr  1/2"  W  180°  1-6  Mo-  of  cylinders 
. _ 1  L  -  Left  Bank 


to?  of  Cyl  P  ^yj.. 

I  J3  Corr  spot  1/4"  K  60° 

0  100  nile  run  of  .’14BA1  .center  of  Cyl__ 

9-28-58  i  /  X 

1-5  Left  Sank  Cylinders  j  V  j 

5cn0  -  processed  with  Low  Linit .  \ _ y  „ 

n?  Cv^  Grade  2  KIL-L-21260  plus  *3  Corr  l/2>ir360°  top  of 

V.C.I.  plugs  in  spark  ,Cyl 

plug  openings.  , 

0  1-6  Right  Bank  Cylinders  \ 

processed  with  VCI  plugs  j  /  ^  \ 

only,  no  oil  thru  spark  j  1  n  1 

plug  openings.  I  \  °  J 

o  ,  r-™ _ _  IK  .J  Pulled:  This  cylinder  re-._  '' - ^ 

ton  of  t-ifi  tsno  movec  first  and  second  ^  ^  Corr  spots  Ent  Cyl 


, t3  Corr  1/2"  W  360°  at  top 
of  Cyl. 

12  Corr  spot  1/4"  K  60° 

. center  of  Cyl 


360  top  of 


top  of  cyl  360° 


Ho  corrosion 


inspection. 

(Pulled)  These  cylinders 

recoved  second  inspection  y  X 

Ail  cylinders  pulled  ,  /  ^  ^  \ 

All  cylinders  Boroscoped  ■  j  j 

First  and  second  inspec- ■  \  ®  / 

tion.  y 

Date  processed:  9-29-58  »3  Corr  1/2"  W  180°  top  of 

Cyl 


"orf  spots  Ent 


Ho  corrosion 


ACCESSORY  EIID 


photographs 


FIGURE  1 

FIGURE  2 

FIGURE  3 

FIGURE  H 

FIGURE  5 


-  View  of  outdoor  storage  area  showing  soce  of  the 
coabat  vehicles  in  which  test  engines  were  installed, 

-  View  of  evaluation  area  where  power  pack  asseoblies 
(engine,  transoission,  fans,  shroud)  after  dis- 
assenbly  Cron  vehicles  were  brought  in  for  tear- 
dovn.  Engines  in  the  rear  are  being  disasseicbled 
vith  a  renoved  cylinder  asseably. shown  on  the 
table. 

-  View  of  test  engine  (AV  1790)  from  accessory  or 
front  end  with  fan  and  shrcad  in  background.  A 
renoved  cylinder  assembly  on  the  table.  Another 
cylinder  being  boroscoped  while  still  assembled 
to  the  engine.  Horoscopes  were  always  inseirted 
through  the_ spark  plug  openings  (2  to  each  cylinder) 
for  evaluation  purposes  of  the  interior  cylinder 
area . 

-  View  of  test  engine  AV  1790  from  accessory  or 
front  end  already  considerably  disassembled 

and  being  further  torn  down  for  final  evaluation. 

-  View  of  cylinder  assembly  renoved  from  engine 
looking  into  the  interior  area  showing  the  bottom 
of  the  exhaust  valve,  intake  valve  and  spark  plug. 
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